We explored 285 completed eukaryotic pathogen genomes for GABA transporter proteins as effective chemotherapy targets. We identified 8 GABA proteins that spread across 4 phyla with 5 different pathogen species; Eimeria mitis Houghton, Neospora caninum Liverpool, S. mansoni, S. haematobium and Trichinella spiralis. Sub-cellular localization prediction revealed that these proteins are integral membrane and are mostly insoluble. It is found that about 81% of these proteins are non-crystallizable and 15% are crystallizable. Transmembrane helices predictions show that the GABA transporters have 10, 11, 12 and 14 TMHs with 15, 23, 31 and 11%, respectively. It is further observed that most of these GABA transporters are from several parasites`genomes.
Background
Infectious Pathogens are the main enemies of mankind from time immemorial [1, 2]. These pathogenic organisms cause different diseases to man and animals [2, 3] . Some of these diseases include malaria, trypanosomiasis, leishmaniasis, schistosomiasis, Cryptosporidiosis, Onchocerciasis and many more [3-6]. More than 25% of humans die annually as a result of these diseases and about 50% of such deaths occur among the poorest countries of the tropic and subtropical regions of the world [7, 8] . Besides, most of these pathogens infect both domestic and wild animals, consequently, leading to zoonosis [9] [10] [11] . The recent dramatic increase in emerging infectious diseases among the human population has implicated some wildlife and domestic animals as an important source of most novel and dangerous pathogens [2, 6] . These animals are the influencing factor in the human infectious disease transmission cycle [2, 12] . Although, drugs have been developed against most of these infectious diseases, the emergences of resistant strains of some of the pathogens [13, 14] make control difficult. Besides, there are no vaccines for most infectious diseases [2, 8] . Therefore, there is need to develop alternative chemotherapy to supplement/complement the existing ones.
One of the recommended approaches in search of next generation therapeutic drugs is to explore available parasite genomes [15, 16] . Moreover, proteins that play vital roles in the nervous system have been suggested to hold promises for druggable target [16, 17] . The nervous system coordinates many vital functions for the parasite survival and reproduction, including host attachment and penetration, motor activity and migration, feeding and excretion, pairing, and egg laying [17, 18] . Some of these parasite nervous systems such as schistosomes are well developed and have a rich diversity of neurotransmitters such as Gamma-Amino Butyric acid (GABA), which inhibits nerve transmission [16] [17] [18] [19] .
Chemotherapeutic drugs that target GABA act on the neurotransmitter by binding to glutamate-gated chloride channels in nerve and muscle cells of invertebrates including eukaryotic parasite [20, 21] . However, these drugs have little side effects on the respective host due to the fact that GABA receptors occur only in the mammalian central nervous system (brain and the spinal chord). This central nervous system is protected by the blood-brain barrier that prevents microscopic and large molecules to get into the brain [22, 23] . Consequently, these GABA drugs are much less toxic to mammals than to parasites, which lack such barrier [24]. This is the major reason why GABA drugs are much more safer to use in the treatment of infectious disease in man, livestock and pets. Consequently, GABA drugs are highly recommended for the treatment and control of infectious diseases In the present work, we identified GABA transporter from different eukaryotic pathogen genomes. The identified proteins were structurally and functionally characterised using computational approach as well as looking at the evolutionary relatedness. The findings in this study may offer new and alternative possibilities for potential drug development against most parasitic diseases affecting both man and animals.
Methodology:
Genome Analysis, Sequence Alignments: We thoroughly searched for gamma-aminobutyric acid, GABA, transporter using "GABA transporter" as bait on the recent version of EupathDB (http://eupathdb.org/eupathdb/) that consist of about 285 organisms` genomes [33] . The identified GABA transporter proteins were fetched and added to EupathDB basket. The fasta formats of the sequences were downloaded. 
Phylogenetic tree and Evolutionary relatedness analysis
All phylogenetic trees were constructed using MEGA version 5.2 software [48] . Briefly, the protein sequences were copied and pasted onto the MEGA alignment explorer window and without gab. The sequences were aligned using clustalW, with all parameters at default settings and the alignment file was activated for phylogenetic analysis. Neighbor-joining method was first employed to analyze the phylogenetic tree and computation was done using the Poisson correction method [49] having the units of the number of amino acid substitutions per site. Secondly, the evolutionary history was inferred by using the maximum likelihood method based on the equal input model [50] . The percentage of trees in which the associated taxa clustered together was also computed next to the branches. Neighbor-Join and BioNJ algorithms to a matrix of pairwise distances estimated using a JTT model, and then selecting the topology with superior log likelihood value was employed. Both trees were drawn to scale, with branch lengths measured in the number of substitutions per site. In all the analysis involved were 26 amino acid sequences and all ambiguous positions were removed for each sequence pair. There were a total of 1521 positions in the final dataset. The percentage of replicate trees in which the associated taxa clustered together in the bootstrap test were 1000 replicates [51] . To have comparison of all the TMHs across the proteins, a second maximum-likehood phylogenetic tree was constructed following the method describes and the CCTOP images were aligned side-by-side as shown in Figure 3 .
After each evolutionary history from MEGA, the tree files in newick format were exported and visualised in the FigTree software version 1.4.2 for proper annotation. Features like the scale bar, bootstrap values and branch length coloration base on strength were selected and adjusted. In addition the node shapes and legends of these colour strength were also added. Each tree was exported in JPEG format. We went further to estimates base composition bias difference and evolutionary divergences that may occur between sequences using the same version of MEGA, in order to confirm relationship between the proteins. Analytical method, poisson model, uniform rate and complete deletion were selected for estimate variance, substitution model, rate pattern and data subset respectively. The results were exported in excel format.
Results
Our thorough search for GABA transporters across the different genomics and proteomics database that are publically available revealed that these proteins could be found in 8 eukaryotic pathogens ( Table 1 ) that can cause disease in man and animals. These pathogens include Eimeria mitis Houghton, Neospora caninum Liverpool, S. mansoni, S. haematobium and Trichinella spiralis, which spread across 5 species and 4 phylla. The plant pathogen GABA transporter added to this study was Fusarium graminearum. The S. haemtobium, S. mansoni and other parasite GABA transporters were obtained from SchistoDB, GeneDB and EupathDB respectively. Homo sapiens GABA transporters were included in all analyses to have a comparative view of these parasites. S. haematobium among the parasites has the highest number of identification. Human GABA transporters were obtained from NCBI database. After literature search for the novelty, we find out that most of these GABA transporters were identified for the first time in this work.
The physical and chemical parameters computed for these proteins are presented in Table 1 . Some of the physiochemical parameters analysed for each protein were number of amino acids, molecular weight, theoretical pI, total number of negatively charged residues, total number of positively charged residues, molecular formula, extinction coefficients (M-1 cm-1, at 280 nm measured in water) assuming all pairs of Cys residues form cystines and assuming all pairs of Cys residues form cystines, aliphatic index, grand average of hydropathicity (GRAVY), signal P, target P, TMHs, solubility, crystallization, propensity and subcellular localization. Our initial and confirmatory prediction shows that none of the identified proteins have signal peptide. All the protein were predicted to be insoluble during laboratory preparation in solvent except for Chromera velia with accession no; Cvel_21181. About 15% of the identified proteins were predicted to be crystallizable, while 81% are not none-crystallizable ( Figure  1A) . One of these proteins, Neospora caninum Liverpool with accession no; NCLIV_003090, was unable to be predicted because the tools available cannot take protein with too long sequences. All the pathogen proteins were predicted to be nonecrystallizable (Table 1) . When identified GABA transporters were computed for sub-cellular localization, we observed that they are integral membrane proteins, except for Eimeria mitis Houghton with accession no; EMH_0037150 that was predicted to be cytoplasmic and can be secreted. The sub-cellular localization prediction was automatically done based on the localization of 32 sequences similar proteins. SWISS-PROT and Gene ontology (GO) gave the confirmation prediction with high percentage identity. TMHs predictions show that the GABA transporters have 10, 11, 12 and 14 TMHs with 15, 23, 31 and 11% respectively ( Figure 1B) . A preliminary prediction had pointed out that these GABA transporters could be functioning as voltage-gated potassium/sodium channel complex in term of mechanism, though details are not given due to the poor 3D structure modeling.
The detail analyses of the different (constructed based on maximum likelihood and neighbor joining) trees are shown in Figure 2A . The quantitative evolutionary relatedness of these GABA transporters is presented in Table 2 . From the maximumlikelihood phylogenetic tree, two of the three human GABA transporters are on the same minor clades, however all these proteins are on the same major clades with Bombyx mori GABA transporter and Bathymodiolus_septemdierum GABA transporter. This shows that H._sapiens Na+ Cl-dependent GABA transporter 1 could be more closer to Bombyx mori and Bathymodiolus_septemdierum GABA transporter than H._sapiens Na+ Cl-dependent GABA transporter 2 and 3. We noticed that all the S. haematobium GABA transporters clustered together, however, S._haematobium Na+ Cl-dependent GABA transporter (accession no; MS3_06580) and S._haematobium Na+_Cl-dependent GABA transporter (accession no; MS3_07417) are the closest. Crassostrea_gigas Na+ Cl-dependent GABA transporter 2 shared the same major clade with S. haematobium GABA transporters. The two proteoforms of Na+ Cl-dependent GABA transporter in Vitrella_brassicaformis, Chromera_velia and Trichinella spiralis are in the same clade each with high bootstrap values. Surprisely, Fusarium_graminearum Na+ Cl-dependent GABA transporter 1 (accession no, FGSG_04240) did not in any way relate to F._graminearum GABA_transport_protein (accession no, FGSG_08221). Rather, the formal is on the same clade with S. mansoni GABA transporters and the latter is in a clade with Aspergillus_nidulans putative_GABA_transporter and others. GABA transporter in Eimeria mitis Houghton and Neospora caninum Liverpool are different from the other proteins. When we analyzed the phylogenetic tree constructed based on the neighbor joining method (Figure 2B ), similar observation was made. Moreover, the estimated values for evolutionary divergence between the GABA transporter sequences presented in Table 2 , strongly supports both phylogenetic trees already discussed. 
Discussion
At present, developments of chemotherapeutic drugs focus on four main types of molecular targets, which include enzymes, receptors, ion channels and transporters [52-54]. Among these membrane proteins are mostly targeted with 60-70% of drugs developed towards infectious diseases [53, 55]. Moreover, more researches are focusing on membrane proteins such as ligandgated ion channels (LGICs) for the next generation drugs to eradicate these diseases [56] . GABA transporter, one of the most important LGICs, plays key roles in rapid synaptic transmission when bound to a ligand such as a neurotransmitter, which controls signaling and homeostasis [57-59]. These parasite proteins are the new directions for future research for the next generation chemotherapy of most infectious disease [56] . In addition, most of these eukaryotic pathogen genomes predict a rich diversity of neuro-receptors [15] . Therefore, we set out to first identify GABA transporter from known eukaryotic pathogen genomes that are publically available. These proteins were structurally and functionally characterised.
In this study, we find out that GABA transporters are spread across a wide range of eukaryotic pathogens species, which include S. haematobium, S. mansoni, Trichinella spiralis, Eimeria mitis Houghton, Neospora caninum Liverpool and others. This study revealed that this putative transporter is in different organisms and has conserved physiological functions. Other researchers made similar observation on bacterial ATP-binding cassette systems in different organisms [60-62]. Our results show that many of these identified putative Na+Cl-dependent GABA transporters are not yet fully annotated in available pathogen databases, other workers had reported similar observation [63] . Even the ones that are fully annotated have not been explored for clinical consideration, so this study also unveils many novel parasite GABA transporters, which have clinical implication in designing and development of new drugs. Our result also demonstrated that all except the Eimeria mitis Houghton GABA transporter is integral membrane protein. Moreover, these proteins are predicted to have at least 8 TMHs, which show they are permanently attached to the cell membrane. The evolutionary relatedness computed for the identified proteins suggests that they may not be too different from another in terms of function and mechanism. S mansoni and S. haematobium GABA transporters are closely related and are also related to human GABA transporter 2. Bombyx mori GABA_transporter is closely related to Bathymodiolus septemdierum. The extent to which these parasite GABA transporters are related or different from that of human GABA transporters is presented in Table 2 . This evolutionary relatedness of some of the proteins is also presented in the phylogenetic trees. This result shows that chemotherapeutic drugs that are effective on a given parasite could be promising against another related parasite. Most of the genes coding for these transporters may have underwent duplication event, which created a copy of every genomic region 
Conclusion
In the search for novel and alternative chemotherapy of most infectious diseases pharmacologic manipulation of the GABA system and GATs may provide the means to achieve effective treatment. Our study successfully identified most of these parasite GABA transporters for the first time from parasite genomes that are publically available in known databases. These proteins were characterized by subjecting them to phylogenetic analyses. The findings in this study suggest that GABA transporters could offer new and alternative possibilities for potential drug development against most parasitic diseases affecting both man and animals.
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